Characterization of the functional epitope on the urokinase receptor. Complete alanine scanning mutagenesis supplemented by chemical cross-linking.
The high affinity interaction between the serine protease urokinase-type plasminogen activator (uPA) and its glycolipid-anchored receptor (uPAR) represents one of the key regulatory steps in cell surface-associated plasminogen activation. On the basis on our crystal structure solved for uPAR in complex with a peptide antagonist, we recently proposed a model for the corresponding complex with the growth factor-like domain of uPA (Llinas et al. (2005) EMBO J. 24, 1655-1663). In the present study, we provide experimental evidence that consolidates and further develops this model using data from a comprehensive alanine scanning mutagenesis of uPAR combined with low resolution distance constraints defined within the complex using chemical cross-linkers as molecular rulers. The kinetic rate constants for the interaction between pro-uPA and 244 purified uPAR mutants with single-site replacements were determined by surface plasmon resonance. This complete alanine scanning of uPAR highlighted the involvement of 20 surface-exposed side chains in this interaction. Mutations causing delta deltaG > or = 1 kcal/mol for the uPA interaction are all located within or at the rim of the central cavity uniquely formed by the assembly of all three domains in uPAR, whereas none are found outside this crevice. Identification of specific cross-linking sites in uPAR and pro-uPA enabled us to build a model of the uPAR x uPA complex in which the kringle domain of uPA was positioned by the constraints established by the range of these cross-linkers. The nature of this interaction is predominantly hydrophobic and highly asymmetric, thus emphasizing the importance of the shape and size of the central cavity when designing low molecular mass antagonists of the uPAR/uPA interaction.